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Previewspeptide (Birnbaum et al., 2014). Perhaps,
then, the surprise is not that cross reac-
tivity between self and foreign antigens oc-
curs, but that it is notmore rampant.With a
limited set of pMHC epitopes, it seems
plausible that for nearly any T cell of inter-
est, one would be able to find cross-reac-
tive and perhaps activating self pepti-
des. Conversely, strict negative selection
based on all possible self peptides seem-
ingly would not leave any T cells to fight
infection. Negative selection in the thymus
might therefore be more likely to weed out
the worst-acting T cell clones: those that
are very high affinity to a high abundance
self antigen or excessively cross reactive
(Huseby et al., 2005). It also speaks to
the likely importance of factors such as
the prevalence of antigen and an inflam-
matory local environment to activate
T cells in the periphery.
The work here presents an interesting
contrast to recent studies by Germain
and colleagues, who find that T cells that
received a stronger TCR signal during se-
lection are more active in the mature im-10 Immunity 42, January 20, 2015 ª2015 Elsmune response (Mandl et al., 2013), and
Allen and colleagues, who show that
thymic expression of a single self pMHC
known to induce positive selection of
moth cytochrome C (MCC)-specific
TCRs skews the TCR repertoire to contain
more clones that recognize MCC (Lo
et al., 2014). Allen and colleagues have
also recently shown that T cell clones ex-
pressing TCRs with similar affinity for a
given non-self pMHC can show signifi-
cant signaling differences, which are set
during positive selection in the thymus
(Persaud et al., 2014).
Determining how these mechanisms of
self determination fit together will be
important to more fully understand the
shaping of the T cell repertoire and might
provide insight into autoimmunity and
developing better vaccines.
REFERENCES
Birnbaum, M.E., Mendoza, J.L., Sethi, D.K., Dong,
S., Glanville, J., Dobbins, J., Ozkan, E., Davis,
M.M., Wucherpfennig, K.W., and Garcia, K.C.
(2014). Cell 157, 1073–1087.evier Inc.Huseby, E.S., White, J., Crawford, F., Vass, T.,
Becker, D., Pinilla, C., Marrack, P., and Kappler,
J.W. (2005). Cell 122, 247–260.
Jenkins, M.K., and Moon, J.J. (2012). J. Immunol.
188, 4135–4140.
Jones, E.Y., Fugger, L., Strominger, J.L., and
Siebold, C. (2006). Nat. Rev. Immunol. 6,
271–282.
Kersh, G.J., Miley, M.J., Nelson, C.A., Grakoui, A.,
Horvath, S., Donermeyer, D.L., Kappler, J., Allen,
P.M., and Fremont, D.H. (2001). J. Immunol. 166,
3345–3354.
Lo, W.L., Solomon, B.D., Donermeyer, D.L., Hsieh,
C.S., and Allen, P.M. (2014). eLife 3, e01457.
Mandl, J.N., Monteiro, J.P., Vrisekoop, N., and
Germain, R.N. (2013). Immunity 38, 263–274.
Moon, J.J., Chu, H.H., Pepper, M., McSorley, S.J.,
Jameson, S.C., Kedl, R.M., and Jenkins, M.K.
(2007). Immunity 27, 203–213.
Nelson, R.W., Beisang, D., Tubo, N.J., Dileepan,
T., Wiesner, D.L., Nielsen, K., Wuthrich, M., Klein,
B.S., Kotov, D.I., Spanier, J.A., et al. (2015). Immu-
nity 42, this issue, 95–107.
Persaud, S.P., Parker, C.R., Lo, W.L., Weber,
K.S., and Allen, P.M. (2014). Nat. Immunol. 15,
266–274.Monocytes Compensate Kupffer Cell Loss
during Bacterial InfectionKaaweh Molawi1,2,3,4 and Michael H. Sieweke1,2,3,4,*
1Centre d’Immunologie de Marseille-Luminy (CIML), Aix-Marseille Universite´, UM2, 13288 Marseille, France
2Institut National de la Sante´ et de la Recherche Me´dicale (INSERM), U1104, 13288 Marseille, France
3Centre National de la Recherche Scientifique (CNRS), UMR7280, 13288 Marseille, France
4Max-Delbru¨ck-Centrum fu¨r Molekulare Medizin (MDC), Robert-Ro¨ssle-Strasse 10, 13125 Berlin, Germany
*Correspondence: sieweke@ciml.univ-mrs.fr
http://dx.doi.org/10.1016/j.immuni.2014.12.032
Liver Kupffer cells (KCs) are self-maintained tissue-resident macrophages. In this issue of Immunity,
Ble´riot et al. demonstrate that bacterial infection leads to KC necroptosis and quantitative replacement
by monocyte-derived macrophages that contribute to antibacterial immunity and restoration of tissue
integrity.Macrophages are innate immune cells of
the myeloid lineage that are found in
essentially every tissue of the body.
They support tissue homeostasis during
steady state and serve as sentinels that
respond to external signals in case of
infections or tissue injury. Recent studies
have demonstrated that most residenttissue macrophages are populated dur-
ing embryonic development and can
persist into adulthood as a result of their
long lifespan and low rate of local prolifer-
ation (reviewed in Gentek et al., 2014).
However, it depends on the specific tis-
sue environment as to what extent tissue
macrophages self-maintain indepen-dently from monocyte input. For
example, in the heart, macrophages of
embryonic origin are gradually replaced
by monocyte-derived macrophages as
local self-renewal is decreasing with age
(Molawi et al., 2014), whereas in the intes-
tine they are replaced shortly after birth
because of microbiota-mediated signals
Figure 1. Replacement of Embryo-Derived KCs by Monocyte-Derived Macrophages in the
Liver during Lm Infection
Tissue-resident KCs are the first cells in the liver to be infected by Lm. Infected KCs undergo rapid nec-
roptosis and concomitantly activate caspase-1 leading to IL-1b secretion. KC necroptosis triggers
recruitment of circulating monocytes, which differentiate into monocyte-derived macrophages (Mo-
Mac) and contribute to the inflammatory immune response against bacterial infection through the
production of IFN-g. In parallel, KC necroptosis and IL-1b secretion induce IL-33 production by hepa-
tocytes. IL-33 stimulates basophils to secrete IL-4, which is required to induce local proliferation of
Mo-Mac. IL-4 also contributes to a phenotypic switch of Mo-Mac, which acquire a KC-like phenotype
(Mo-KC) and replace the depleted population of embryo-derived KCs in the liver after Lm infection has
been cleared.
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Previews(Bain et al., 2014). By contrast, no signif-
icant contribution of adult hematopoiesis
to liver KCs is observed in the steady
state (Perdiguero et al., 2014).
The maintenance of embryo-derived
tissue macrophages under challenge
conditions such as infection, tissue injury,
or inflammation also appears to be highly
tissue and challenge specific but only few
examples have been studied so far. For
example, the pool of microglia or alveolar
macrophages that is present after recov-
ery from experimental autoimmune
encephalomyelitis (EAE) or influenza virus
infection, respectively, is still constituted
of resident cells with little or no contribu-
tion from monocyte-derived macro-
phages (Ajami et al., 2011; Hashimoto
et al., 2013). Conversely, cardiac inflam-
mation is accelerating the replenishment
of cardiac macrophages from monocytes
(Epelman et al., 2014). So far, the fate of
tissue-resident macrophages during bac-
terial infection had not been studied in
detail. In this issue of Immunity, Ble´riot
et al. (2015) show that during infection
with Listeria monocytogenes (Lm), tis-
sue-resident KCs are quantitatively re-
placed by monocytes, which develop
into tissue-resident macrophages. Impor-tantly, they demonstrate that monocytes
and monocyte derived-macrophages
first contribute to controlling bacterial
infection before acquiring a KC-like
phenotype that promotes restoration of
tissue integrity.
Ble´riot et al. (2015) show that during
systemic infection with the facultative
intracellular bacterium Lm, KCs were
the first cells in the liver to be infected
within a few hours from inoculation. In-
fected KCs underwent rapid necroptotic
cell death, which was induced by the
bacterial virulence factor listeriolysin O
and mediated via type-1 interferon sig-
naling (Figure 1). Similarly, infection with
Salmonella enterica, another facultative
intracellular bacterium, also led to rapid
KC necroptosis, suggesting that this is
a general response of the liver to chal-
lenge with intracellular bacteria. KC
death led to a dramatic drop in KC
numbers that coincided with recruitment
of inflammatory monocytes to the liver
and an increase of monocyte-derived
macrophages before cell numbers re-
turned to their initial level at 9 days
postinfection (dpi). Interestingly, the
authors observed substantial macro-
phage proliferation that peaked at 3 dpiImmunity 4and continued even after bacteria were
cleared at 10 dpi. Experiments with
monocyte adoptive transfer, bone
marrow chimeras, and CCR2-deficient
mice showed that proliferating macro-
phages in the liver were derived from
circulating monocytes, acquired a KC-
like phenotype in the liver, and quantita-
tively replaced embryo-derived KCs,
which did not proliferate, and practically
all underwent necroptosis under these
experimental conditions (Ble´riot et al.,
2015). It remains an open question
whether infection with a lower bacterial
dose would lead to chimerism of embryo-
and monocyte-derived KCs in the liver or
even full recovery of KCs from embryo-
derived cells as has been described for
alveolar macrophages in the context
of influenza virus infection (Hashimoto
et al., 2013). Future experiments employ-
ing genetic lineage tracing could provide
important insight in this respect.
Ble´riot et al. (2015) identified macro-
phage colony-stimulating factor receptor
(M-CSFR) signaling as well as the cyto-
kine interleukin (IL-4) as external signals
that contribute to stimulating proliferation
of monocyte-derived macrophages dur-
ing Lm infection. Both of these pathways
are well known to induce macrophage
proliferation in different tissues under
steady state or diverse challenge condi-
tions (reviewed in Gentek et al., 2014).
The authors subsequently focused on
the role of IL-4 and identified recruited
basophils as the major source of elevated
IL-4 in the liver during Lm infection. A se-
ries of experiments showed that basophil
activation and IL-4 secretion was acti-
vated by the alarmin IL-33, which in turn
was induced in hepatocytes upon nec-
roptosis and caspase-1 activation of in-
fected KCs (Figure 1; Ble´riot et al., 2015).
The experimental system of bacterial
infection in the liver presented by Ble´riot
et al. (2015) is of high interest with respect
to the diversity of macrophage function
and the plasticity of macrophage pheno-
types. Early during Lm infection, infiltrating
monocytes andmonocyte-derivedmacro-
phages have an inflammatory phenotype
and express high amounts of interferon-g
(IFN-g),which iscritical for the rapidcontrol
of bacterial growth. However, during the
course of infection and under the influence
of IL-4, monocyte-derived macrophages
acquire a KC-like phenotype resembling
alternatively activated macrophages and2, January 20, 2015 ª2015 Elsevier Inc. 11
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bryo-derived KCs. The authors suggest
that this phenotypic switch promotes
restoration of tissue integrity, because
IL-4 deficiency and basophil depletion
both led to persisting inflammatory lesions
in the liver. On the other hand, IL-4 did not
contribute to bacterial clearance, and
hyperpolarization of monocyte-derived
macrophages by external IL-4 stimulation
even led to decreased bacterial clearance
(Ble´riot et al., 2015). These observations
highlight the importance of well-orches-
tratedmacrophage responses for aneffec-
tive immune reaction and tissue repair.
In the presented study, infection with
Lm led to a complete replacement of em-
bryo-derived KCs by monocyte-derived
macrophages, which adopted a KC-like
phenotype and integrated into the liver
upon restoration of tissue integrity (Ble´riot
et al., 2015), suggesting that embryo and
monocyte-derived macrophages can
perform equivalent functions. Along these
lines, two recent studies demonstrate
that the tissue environment is shaping
macrophage identity and can impose a
similar phenotype on macrophages of
different origin (Gosselin et al., 2014; Lav-
ine et al., 2014). Similar to Lm infection
(Ble´riot et al., 2015), lethal irradiation
and bone marrow transplantation led
to replacement of embryo-derived KCs
by bone-marrow-derived macrophages,
which acquired a highly similar cell iden-
tity as indicated by adoption of a KC
characteristic global enhancer landscape
(Lavine et al., 2014). Despite these simi-
larities, it remains to be determined
whether embryo- and monocyte-derived12 Immunity 42, January 20, 2015 ª2015 Elsmacrophages of the same tissue are
functionally fully equivalent or retain
some origin-dependent differences. In
this specific case, it would be interesting
whether monocyte-derived macrophages
that replaced embryonic KCs in the
course of a bacterial infection react differ-
ently to secondary infections or other
challenges. If such differences existed,
this might indicate that the proportion of
retained embryonic macrophages as a
result of the previous infection history
could influence the immune response of
tissue macrophages.
The study by Ble´riot et al. (2015)
broadens our understanding of the differ-
ential functions of tissue-resident KCs,
infiltrating monocytes, and monocyte-
derived macrophages during bacterial
liver infection. KCs are rapidly lost upon
massive infection with Lm, so they cannot
directly contribute to immunity or tissue
repair but their necroptotic death indi-
rectly triggers the attraction and further
differentiation of inflammatory mono-
cytes. Initially, monocyte-derived macro-
phages contribute to antibacterial
immunity in a typical IFN-g-driven inflam-
matory response. In a second phase, KC
necroptosis also initiates a cascade of
IL-4-driven events inducing proliferative
expansion and phenotypic changes of
monocyte-derived macrophages that
promote restoration of tissue integrity
after bacterial clearance. The study high-
lights the functional plasticity of macro-
phages: the same cells can sequentially
contribute to different phases of the im-
mune response to bacterial infection.
The observation that well-timed local sig-evier Inc.nals can re-educate recruited inflamma-
tory macrophages to regenerative and
homeostatic functions provides an opti-
mistic view for potential therapeutic im-
mune modulation in the future.REFERENCES
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